PET-MRI APPARATUS by unknown
US 20130241555A1 
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2013/0241555 A1 
OBATA et al. (43) Pub. Date: Sep. 19, 2013 
(54) PET-MRI APPARATUS (30) Foreign Application Priority Data 
(71) ApplicantszNATIONAL INSTITUTE OF Nov. 1, 2010 (JP) ............................... .. 2010-245606 
RADIOLOGICAL SCIENCES, 
Chiba-shi (JP); TOSHIBA MEDICAL _ _ _ _ 
SYSTEMS CORPORATION, Tochigi Pubhcatm“ Classl?catm“ 
(JP) (51) Int. Cl. 
(72) Inventors: Takayuki OBATA, Chiba-shi (JP); GoIR 33/28 (200601) 
Taiga YAMAYA, Chiba-shi (JP); IWao (52) U-s- Cl 
K ANNO’ chiba_shi (JP); Hitoshi CPC .................................... .. G01R 33/28 (2013.01) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. TAKAYAMA, Utsunomiya-shi (JP); 
Kazuya OKAMOTO, Saitama-shi (JP) (57) ABSTRACT 
(73) Assignees: Toshiba Medical. Systems ‘Corporation, In a PET (Positron Emission TOmOgraphy)_MRI (Magnetic 
TOCh_1g1 (JP); Naflonal Ins'fltute 9f Resonance Imaging) apparatus of an embodiment, a magnet 
Radlologlcal sclences’ chlba'shl (JP) that is a seamless structure generates a static magnetic ?eld in 
(21) Appl_ No; 13/874,795 a bore having a cylindrical shape. First detectors and second 
detectors are each formed in a ring shape and detect gamma 
(22) Filed: May 1, 2013 rays emitted from positron emitting radionuclides injected 
. . into a subject. The ?rst detectors and the second detectors are 
Related U's' Apphcatlon Data disposed With a space therebetWeen in an axial direction of 
(63) Continuation of application No. PCT/JP2011/074991, the bore so as to interpose the magnetic ?eld center of the 
?led on Oct. 28, 2011. 
PET DETECTOR 
POWER SOURCE 
PET DATA 
ACQUISITION UN IT 
PET IMAGE 
RECONSTRUCTION 
18 
14 
14 
15 
16 
static magnetic ?eld therebetWeen. 
GRADIENT COIL 
DRIVING CIRCUIT 
6 
TRANSMITTER 
RECEIVER 
8 9 
MR DATA 
ACQUISITION 
IT 
SEQUENCE CONTROLLER 
10 
DISPLAY COMPUTER 
CONSOLE 
Patent Application Publication Sep. 19, 2013 Sheet 1 0f 6 US 2013/0241555 A1 
HEITIOHLNOO EIONEIHOEIS N2 
Patent Application Publication Sep. 19, 2013 Sheet 2 0f 6 US 2013/0241555 A1 
2a 
14,19 
Patent Application Publication Sep. 19, 2013 Sheet 3 0f 6 US 2013/0241555 A1 
Patent Application Publication Sep. 19, 2013 Sheet 4 0f 6 US 2013/0241555 A1 
Patent Application Publication Sep. 19, 2013 Sheet 5 0f 6 US 2013/0241555 A1 
FIG.6 
ii 
2a 
14,19 
I 
Patent Application Publication Sep. 19, 2013 Sheet 6 0f 6 US 2013/0241555 A1 
FIG.7 
13b 
13b 
13a \lllllllllllll 
13a 
US 2013/0241555 A1 
PET-MRI APPARATUS 
CROSS-REFERENCE TO RELATED 
APPLICATIONS 
[0001] This application is a continuation of PCT interna 
tional application Ser. No. PCT/J P201 1/074991 ?led on Oct. 
28, 2011 Which designates the United States, and Which 
claims the bene?t of priority from Japanese Patent Applica 
tion No. 2010-245606, ?led on Nov. 1, 2010; the entire con 
tents of Which are incorporated herein by reference. 
FIELD 
[0002] Embodiments described herein relate generally to a 
PET (Positron Emission Tomography)-MRI (Magnetic Reso 
nance Imaging) apparatus. 
BACKGROUND 
[0003] In many cases, MRI apparatuses have been utiliZed 
to inspect cephalic regions, for example. It has been also 
expected that PET apparatuses are utiliZed to inspect cephalic 
regions, e.g., to diagnose Alzheimer diseases. Hence, 
recently, it has been expected to realiZe a PET-MRI apparatus 
combining a PET apparatus and an MRI apparatus. 
[0004] The MRI apparatuses, hoWever, have some limita 
tions. For example, a photomultiplier tube (PMT) used as a 
detector of a conventional PET apparatus cannot be used 
When the PET-MRI apparatus is intended to be realiZed 
because a strong radio frequency magnetic ?eld is used in the 
MRI apparatus. Therefore, a PET-MRI apparatus has been 
proposed that uses an APD (Avalanche Photodiode) or a 
SiPM (Silicon Photomultiplier) instead of the PMT, for 
example. 
[0005] In some conventional PET-MRI apparatuses, a PET 
detector is disposed at the magnetic ?eld center included in an 
effective imaging region of MR images. Such a disposition is 
the most suitable for taking PET images. HoWever, in order to 
take MR images, this disposition is not alWays the most 
suitable because MR images having su?icient image quality 
are not obtained in some cases due to in?uence of material of 
the PET detector disposed around the magnetic ?eld center. 
BRIEF DESCRIPTION OF THE DRAWINGS 
[0006] FIG. 1 is a schematic illustrating a structure of a 
PET-MRI apparatus according to a ?rst embodiment. 
[0007] FIG. 2 is a schematic illustrating an element 
arrangement at a periphery of a PET detector according to the 
?rst embodiment. 
[0008] FIG. 3 is a schematic illustrating the element 
arrangement at the periphery of the PET detector according to 
the ?rst embodiment When vieWed from an axial direction of 
a bore. 
[0009] FIG. 4 is a schematic illustrating a vibration damp 
ing mechanism according to the ?rst embodiment. 
[0010] FIG. 5 is a schematic illustrating an effective imag 
ing region of the PET-MRI apparatus according to the ?rst 
embodiment. 
[0011] FIG. 6 is a schematic illustrating an element 
arrangement at a periphery of a PET detector according to a 
second embodiment. 
[0012] FIG. 7 is a schematic to explain a step-and-shoot 
according to a third embodiment. 
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DETAILED DESCRIPTION 
[0013] A PET-MRI apparatus according to an embodiment 
includes a magnet, a transmitting radio frequency coil, a 
gradient coil, a receiving radio frequency coil, an MR image 
reconstruction unit, a ?rst detector, and a PET image recon 
struction unit. The magnet is con?gured to be a seamless 
structure and generate a static magnetic ?eld in a bore having 
a cylindrical shape. The transmitting radio frequency coil is 
con?gured to apply a radio frequency pulse on a subject 
placed in the static magnetic ?eld. The gradient coil is con 
?gured to apply a gradient magnetic ?eld on the subject on 
Which the radio frequency pulse is applied. The receiving 
radio frequency coil is con?gured to detect a magnetic reso 
nance signal emitted from the subject due to application of the 
radio frequency pulse and the gradient magnetic ?eld on the 
subject. The MR image reconstruction unit is con?gured to 
reconstruct an MR image based on the magnetic resonance 
signal detected by the receiving radio frequency coil. The ?rst 
detector and a second detector are each con?gured to have a 
ring shape and detect gamma rays emitted from a positron 
emitting radionuclide injected into the subject. The PET 
image reconstruction unit is con?gured to reconstruct a PET 
image from projection data produced based on the gamma 
rays detected by the ?rst and the second detectors. The ?rst 
and the second detectors are disposed in an axial direction of 
the bore With a space therebetWeen so as to interpose a mag 
netic ?eld center of the static magnetic ?eld therebetWeen. 
[0014] Embodiments of a PET-MRI apparatus are 
described in detail beloW With reference to the accompanying 
draWings. 
First Embodiment 
[0015] First, a structure of a PET-MRI apparatus according 
to a ?rst embodiment is described. FIG. 1 is a schematic 
illustrating a structure of a PET-MRI apparatus 100 according 
to the ?rst embodiment. As illustrated in FIG. 1, the PET-MRI 
apparatus 100 includes a magnet 1, a couch 2, a gradient coil 
3, a gradient coil driving circuit 4, a transmitting radio fre 
quency coil 5, a transmitter 6, a receiving radio frequency coil 
7, a receiver 8, an MR data acquisition unit 9, a computer 10, 
a console 11, a display 12, PET detectors 13a and 13b, signal 
lines 14, a PET data acquisition unit 15, a PET image recon 
struction unit 16, a sequence controller 17, a PET detector 
poWer source 18, and poWer source cables 19. 
[0016] The magnet 1, Which is a seamless structure, gener 
ates a static magnetic ?eld in a bore having an approximately 
cylindrical shape. The bore is formed as the inner surface of a 
gantry having an approximately cylindrical shape and hous 
ing the magnet 1, the gradient coil 3, and the like. The couch 
2 has a couchtop 211 on Which a subject P is placed. When the 
subject P is imaged, the couch 2 moves the couchtop 211 into 
an inside of the bore, so that the subject P is moved in the static 
magnetic ?eld. 
[0017] The gradient coil 3 applies gradient magnetic ?elds 
Gx, Gy, and G2 on the subject P. The magnetic ?eld intensities 
of the gradient magnetic ?elds Gx, Gy, and G2 in the same 
direction (Z direction) as the static magnetic ?eld change 
linearly in relation to the distance from the magnetic ?eld 
center in the X, Y, and Z directions, respectively. The gradient 
coil 3 is formed in an approximately cylindrical shape and 
disposed on a side adjacent to an inner circumference of the 
magnet 1. The gradient coil driving circuit 4 drives the gra 
dient coil 3 under control of the sequence controller 17. 
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[0018] The transmitting radio frequency coil 5 applies a 
radio frequency magnetic ?eld on the subject P placed in the 
static magnetic ?eld based on a radio frequency pulse trans 
mitted from the transmitter 6. The transmitting radio fre 
quency coil 5 is formed in an approximately cylindrical shape 
and disposed on a side adjacent to an inner circumference of 
the gradient coil 3. The transmitter 6 transmits the radio 
frequency pulse to the transmitting radio frequency coil 5 
under control of the sequence controller 17. 
[0019] The receiving radio frequency coil 7 detects a mag 
netic resonance signal emitted from the subject P due to the 
application of the radio frequency magnetic ?eld and the 
gradient magnetic ?eld on the subject P. For example, the 
receiving radio frequency coil 7 is a surface coil disposed on 
a surface of the subject P corresponding to a region to be 
imaged. For example, When a body region of the subject P is 
imaged, tWo receiving radio frequency coils 7 are disposed on 
the upper side and the loWer side of the subject P. The receiver 
8 receives the magnetic resonance signal detected by the 
receiving radio frequency coil 7 under control of the sequence 
controller 17. The receiver 8 transmits the received magnetic 
resonance signal to the MR data acquisition unit 9. 
[0020] The MR data acquisition unit 9 acquires the mag 
netic resonance signal sent from the receiver 8 under control 
of the sequence controller 17. The MR data acquisition unit 9 
ampli?es the acquired magnetic resonance signal and per 
forms detection on the ampli?ed signal. Thereafter, the MR 
data acquisition unit 9 A/D-converts the signal after the detec 
tion and sends the converted signal to the computer 10. The 
computer 10, Which is controlled With the console 11, recon 
structs an MR image based on the magnetic resonance signal 
sent from the MR data acquisition unit 9. The computer 10 
alloWs the display 12 to display the reconstructed MR image. 
[0021] The PET detectors 13a and 13b detect, as counting 
information, gamma rays emitted from positron emitting 
radionuclides injected into the subject P. The PET detectors 
13a and 13b are each formed in a ring shape and disposed on 
a side adjacent to an inner circumference of the transmitting 
radio frequency coil 5. For example, the PET detectors 13a 
and 13b are each formed by arranging detector modules 
including scintillators and photo detectors in a ring shape. 
Examples of the scintillator include LYSO (LutetiumYttrium 
Oxyorthosilicate), LSO (Lutetium Oxyorthosilicate), and 
LGSO (Lutetium Gadolinium Oxyorthosilicate). The photo 
detector is, for example, a semiconductor detector such as an 
APD (Avalanche Photodiode) element and a SiPM (Silicon 
Photomultiplier). The PET detectors 13a and 13b send the 
detected counting information to the PET data acquisition 
unit 15 through the signal lines 14. 
[0022] The PET data acquisition unit 15 produces simulta 
neous counting information under control of the sequence 
controller 17. The PET data acquisition unit 15 produces, as 
the simultaneous counting information, a combination of 
counting information of gamma rays (including annihilation 
radiation) that are emitted from the positron emitting radio 
nuclides and approximately simultaneously detected by 
using the counting information of the gamma rays detected by 
the PET detectors 13a and 13b. 
[0023] The PET image reconstruction unit 16 reconstructs 
a PET image by using the simultaneous counting information 
produced by the PET data acquisition unit 15 as projection 
data. The PET image reconstructed by the PET image recon 
struction unit 16 is transmitted to the computer 10 and dis 
played on the display 12. The sequence controller 17 controls 
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the above-described elements based on various imaging 
sequences executed When the subject is imaged. The PET 
detector poWer source 18 supplies the PET detectors 13a and 
13b WithpoWer to drive the photo detectors through the poWer 
source cables 19. 
[0024] An element arrangement at a periphery of the PET 
detectors 13a and 13b is described beloW. FIG. 2 is a sche 
matic illustrating the element arrangement at the periphery of 
the PET detectors 13a and 13b according to the ?rst embodi 
ment. A dot 20 illustrated in FIG. 2 represents the magnetic 
?eld center of the static magnetic ?eld. A region 21 sur 
rounded With the dashed line in FIG. 2 represents an effective 
imaging region of the MR image. 
[0025] As illustrated in FIG. 2, the PET detectors 13a and 
13b are disposed on a side adjacent to an inner circumference 
of a bore 22 in the ?rst embodiment. The PET detectors 13a 
and 13b are disposed With a space therebetWeen in an axial 
direction of the bore 22 so as to interpose the magnetic ?eld 
center 20 of the static magnetic ?eld generated by the magnet 
1 therebetWeen. That is, in the ?rst embodiment, the PET 
detectors 13a and 13b are disposed so as to avoid the periph 
ery of the magnetic ?eld center included in the effective 
imaging region of the MR image. As a result, deterioration of 
image quality of the MR image due to the in?uence of the 
PET detectors is suppressed. 
[0026] In addition, the signal lines 14 and the poWer source 
cables 19 that are connected to the PET detectors 13a and 13b 
are routed so as not to pass through the periphery of the 
magnetic ?eld center 20 of the static magnetic ?eld generated 
by the magnet 1. For example, as illustrated in FIG. 2, the 
signal line 14 and the poWer source cable 19 that are con 
nected to the PET detector 1311 are combined and routed from 
the PET detector 13a to a side opposite the magnetic ?eld 
center 20. Likewise, the signal line 14 and the poWer source 
cable 19 that are connected to the PET detector 13b are 
combined and routed from the PET detector 13b to a side 
opposite the magnetic ?eld center 20. The signal line 14 and 
the poWer source cable 19 may be combined With cables 
connected to the transmitting radio frequency coil 5 and 
routed, for example. 
[0027] The PET detectors 13a and 13b each converts a 
signal relating to the detected gamma rays from an analog 
signal to a digital signal, thereafter further converts the digital 
signal into an optical signal, and outputs the optical signal. 
The PET detectors 13a and 13b each may convert a signal 
relating to the detected gamma rays from an analog signal to 
a digital signal, thereafter further convert the digital signal 
into a radio signal, and outputs the radio signal. In this Way, 
signals output from the PET detectors 13a and 13b are con 
verted into optical signals or radio signals. As a result, noises 
caused by the digital signals can be prevented. 
[0028] The PET-MRI apparatus 100 includes a moving 
mechanism that moves the PET detectors 13a and 13b along 
the axial direction of the bore 22. FIG. 3 is a schematic 
illustrating the element arrangement at the periphery of the 
PET detectors 13a and 13b according to the ?rst embodiment 
When vieWed from the axial direction of the bore 22. FIG. 3 
illustrates the element arrangement When the inside of the 
bore is vieWed from an opening on a side on Which the PET 
detector 13a is disposed. 
[0029] As illustrated in FIG. 3, a moving mechanism 23 is 
tWo rails disposed on the internal surface of the bore 22 at the 
loWer side, for example. For example, the moving mechanism 
23 is engaged With a rail engagement portion formed in a 
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groove shape on the outer circumference surface of the PET 
detector 13a and supports the PET detector 1311 so as to be 
movable along the axial direction of the bore 22. Likewise, 
the moving mechanism 23 to move the PET detector 13b is 
provided on the PET detector 13b. 
[0030] The PET detectors 13a and 13b can be attachable to 
and detachable from the corresponding moving mechanism 
23, so that they can be inserted in and removed from the bore 
22 by passing through both sides of the bore 22. The structure 
alloWing the PET detectors 13a and 13b to be attachable and 
detachable enables the PET detectors 13a and 13b to be 
relatively easily built in a conventional MRI apparatus, alloW 
ing the PET-MRI apparatus to be Widely popularized. 
[0031] The moving mechanism 23 moves the PET detec 
tors 13a and 13b based on imaging modes under control of the 
computer 10. For example, the moving mechanism 23 auto 
matically moves the PET detectors 13a and 13b based on an 
imaging condition that the computer 10 receives from an 
operator. Alternatively, the moving mechanism 23 may move 
the PET detectors 13a and 13b based on a movement instruc 
tion input by an operator through the console 11. 
[0032] As a speci?c example, When an imaging mode is 
executed in Which the PET image and the MR image are taken 
simultaneously, the moving mechanism 23 moves the PET 
detectors 13a and 13b to a position at Which they interpose the 
magnetic ?eld center 20 of the static magnetic ?eld therebe 
tWeen before imaging starts. As another example, When an 
imaging mode is executed in Which only the PET image is 
taken, the moving mechanism 23 moves the PET detectors 
13a and 13b so as to be adjacent to each other before imaging 
starts. As still another example, When an imaging mode is 
executed in Which only the MR image is taken, the moving 
mechanism 23 moves the PET detectors 13a and 13b out of 
the static magnetic ?eld. 
[0033] For example, the moving mechanism 23 moves the 
PET detectors 13a and 13b based on the imaging condition 
for taking the PET image and/or the imaging condition for 
taking the MR image. For example, When moving the PET 
detectors 13a and 13b, the moving mechanism 23 changes the 
distance betWeen the PET detectors 13a and 13b after being 
moved based on a siZe of an FOV (Field Of View) set as the 
imaging condition for taking the MR image and a type of the 
receiving radio frequency coil 7. 
[0034] The PET-MRI apparatus 100 includes a vibration 
damping mechanism that ?xes a position of each PET detec 
tor after the PET detectors 13a and 13b are moved to an 
imaging position by the moving mechanism 23 and damps 
vibration transmitted from the gradient coil 3 to each PET 
detector. FIG. 4 is a schematic illustrating a vibration damp 
ing mechanism 24 according to the ?rst embodiment. As 
illustrated in FIG. 4, the vibration damping mechanism 24 is 
disposed at an engaged portion betWeen the PET detector 13a 
and the moving mechanism 23, for example. Likewise, the 
vibration damping mechanism 24 is disposed at an engaged 
portion betWeen the PET detector 13b and the moving mecha 
nism 23. 
[0035] The effective imaging region of the PET-MRI appa 
ratus 100 according to the ?rst embodiment is described 
beloW. FIG. 5 is a schematic illustrating the effective imaging 
region of the PET-MRI apparatus 100 according to the ?rst 
embodiment. As illustrated in FIG. 5, in the PET-MRI appa 
ratus 100, a region 25a surrounded by the inner circumfer 
ence surface of the PET detector 13a and a region 25b sur 
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rounded by the inner circumference surface of the PET 
detector 13b are the effective imaging region in Which only 
the PET image can be taken. 
[0036] In addition, as illustrated in FIG. 5, a region 27 that 
is included in both of a region 26 formed betWeen the inner 
circumference surface of the PET detector 13a and the inner 
circumference surface of the PET detector 13b and the effec 
tive imaging region 21 of the MR image is the effective 
imaging region in Which the PET image and the MR image 
can be taken simultaneously. The effective imaging region 27 
has a shape obtained by bonding the bottoms of circular cones 
each other. 
[0037] In this Way, in the PET-MRI apparatus 100 accord 
ing to the ?rst embodiment, the effective imaging region 21 in 
Which the MR image can be taken, the effective imaging 
regions 25a and 25b in Which the PET image can be taken, 
and the effective imaging region 27 in Which the MR image 
and the PET image can be simultaneously taken are set. 
[0038] As described above, the PET-MRI apparatus 100 
according to the ?rst embodiment includes the magnet 1, the 
transmitting radio frequency coil 5, the gradient coil 3, the 
receiving radio frequency coil 7, the computer 10, the PET 
detectors 13a and 13b, and the PET image reconstruction unit 
16. The magnet 1, Which is the seamless structure, generates 
the static magnetic ?eld in the bore 22 having a cylindrical 
shape. The transmitting radio frequency coil 5 applies the 
radio frequency pulse on the subject P placed in the static 
magnetic ?eld. The gradient coil 3 applies the gradient mag 
netic ?eld on the subject P on Which the radio frequency pulse 
is applied. The receiving radio frequency coil 7 detects the 
magnetic resonance signal emitted from the subject P due to 
the application of the radio frequency pulse and the gradient 
magnetic ?eld on the subject P. The computer 10 reconstructs 
the MR image based on the magnetic resonance signal 
detected by the receiving radio frequency coil 7. The PET 
detectors 13a and 13b are each formed in a ring shape and 
detect gamma rays emitted from positron emitting radionu 
clides injected into the subject P. The PET image reconstruc 
tion unit 16 reconstructs the PET image from projection data 
produced based on the gamma rays detected by the PET 
detectors 13a and 13b. The PET detectors 13a and 13b are 
disposed With a space therebetWeen in the axial direction of 
the bore 22 so as to interpose the magnetic ?eld center 20 of 
the static magnetic ?eld therebetWeen. In this Way, in the ?rst 
embodiment, the PET detectors 13a and 13b are disposed so 
as to avoid the periphery of the magnetic ?eld center included 
in the effective imaging region of the MR image. As a result, 
according to the ?rst embodiment, deterioration of image 
quality of the MR image due to the in?uence of the PET 
detectors can be suppressed. 
[0039] In the ?rst embodiment, the PET detectors 13a and 
13b are disposed on the side adjacent to the inner circumfer 
ence of the transmitting radio frequency coil 5.As a result, the 
PET detectors 13a and 13b can be easily added to a conven 
tional MRI apparatus having an imaging space on the side 
adjacent to the inner circumference of the transmitting radio 
frequency coil 5, alloWing the PET-MRI apparatus to be eas 
ily realiZed. 
[0040] In the ?rst embodiment, the moving mechanism 23 
moves the PET detectors 13a and 13b along the axial direc 
tion of the bore 22 based on the imaging modes. As a result, 
When both or one of the PET image and the MR image is 
taken, the PET detectors 13a and 13b can be moved to a 
proper position based on the type of imaging to be executed. 
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[0041] In the ?rst embodiment, When the imaging mode is 
executed in Which the PET image and the MR image are taken 
simultaneously, the moving mechanism 23 moves the PET 
detectors 13a and 13b to the position at Which they interpose 
the magnetic ?eld center 20 of the static magnetic ?eld ther 
ebetWeen before imaging starts. As a result, When the PET 
image and the MR image are imaged simultaneously, the MR 
image having high quality can be easily taken. 
[0042] In the ?rst embodiment, When the imaging mode is 
executed in Which only the PET image is taken, the moving 
mechanism 23 moves the PET detectors 13a and 13b so as to 
be adjacent to each other before imaging starts. As a result, 
When only the PET image is taken, a Wider imaging region 
can be provided. 
[0043] In the ?rst embodiment, When the imaging mode is 
executed in Which only the MR image is taken, the moving 
mechanism 23 moves the PET detectors 13a and 13b out of 
the static magnetic ?eld. As a result, When only the MR image 
is taken, the MR image can be obtained that has no deterio 
ration of image quality due to the PET detectors 13a and 13b. 
[0044] In the ?rst embodiment, the moving mechanism 23 
moves the PET detectors 13a and 13b based on the imaging 
condition for taking the PET image and/ or the imaging con 
dition for taking the MR image. As a result, When both or one 
of the PET image and the MR image is taken, the distance 
betWeen the PET detectors 13a and 13b can be automatically 
set. 
[0045] In the ?rst embodiment, the vibration damping 
mechanism 24 ?xes the position of each PET detector after 
the PET detectors 13a and 13b are moved to the imaging 
position by the moving mechanism 23 and damps vibration 
transmitted from the gradient coil 3 to each PET detector. As 
a result, the PET detectors 13a and 13b can be protected from 
mechanical vibration caused by the gradient coil 3. 
[0046] In the ?rst embodiment, the signal lines 14 and the 
poWer source cables 19 that are connected to the PET detec 
tors 13a and 13b are routed so as not to pass through the 
periphery of the magnetic ?eld center 20 of the static mag 
netic ?eld. As a result, noises generated by the signals output 
from the PET detectors 13a and 13b can be suppressed. 
[0047] In the ?rst embodiment, the PET detectors 13a and 
13b each converts a signal relating to the detected gamma rays 
from an analog signal to a digital signal, thereafter further 
converts the digital signal into an optical signal, and outputs 
the optical signal. As a result, noises generated by the signals 
output from the PET detectors 13a and 13b can be more 
reliably suppressed. 
[0048] In the ?rst embodiment, the PET detectors 13a and 
13b each converts a signal relating to the detected gamma rays 
from an analog signal to a digital signal, thereafter further 
converts the digital signal into a radio signal, and outputs the 
radio signal. As a result, noises generated by the signals 
output from the PET detectors 13a and 13b can be more 
reliably suppressed. 
Second Embodiment 
[0049] A second embodiment is described beloW. In the 
?rst embodiment, the PET detectors 13a and 13b are disposed 
on the side adjacent to the inner circumference of the trans 
mitting radio frequency coil 5. In contrast, in the second 
embodiment, PET detectors 33a and 33b are disposed on a 
side adjacent to the outer circumference of the transmitting 
radio frequency coil 5. The basic structure of a PET-MRI 
apparatus according to the second embodiment is the same as 
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that illustrated in FIG. 1 but only the PET detectors 33a and 
33b are arranged in a different manner from those illustrated 
in FIG. 1. 
[0050] FIG. 6 is a schematic illustrating the element 
arrangement at the periphery of the PET detectors 33a and 
33b according to the second embodiment. The elements hav 
ing the same function as the elements of FIG. 2 are labeled 
With the same numerals, and detailed description thereof is 
omitted. As illustrated in FIG. 6, the PET detectors 33a and 
33b are disposed on the side adjacent to the outer circumfer 
ence of the transmitting radio frequency coil 5 in the second 
embodiment. For example, this structure is used for imaging 
a body region by using the transmitting radio frequency coil 5 
as a Whole-body transmission RF coil and the receiving radio 
frequency coil 7 as a dedicated surface coil for the body 
region. 
[0051] In the structure, the PET detectors 33a and 33b are 
?xedly disposed at the position so as to interpose the magnetic 
?eld center of the static magnetic ?eld therebetWeen. The 
PET detectors 33a and 33b may be ?xed to the apparatus With 
the vibration damping mechanism that damps vibration gen 
erated by the gradient coil 3 interposed therebetWeen in the 
same manner as the ?rst embodiment. For example, the PET 
detectors 33a and 33b are ?xed to the inner circumference 
surface of the gradient coil 3 With the vibration damping 
mechanism interposed therebetWeen. As a result, the PET 
detectors 33a and 33b can be protected from mechanical 
vibration caused by the gradient coil 3 also in the second 
embodiment. 
[0052] In this Way, also in the second embodiment, the PET 
detectors 33a and 33b are disposed so as to avoid the periph 
ery of the magnetic ?eld center included in the effective 
imaging region of the MR image. As a result, according to the 
second embodiment, deterioration of image quality of the MR 
image due to the in?uence of the PET detectors can be sup 
pressed in the same manner as the ?rst embodiment. 
Third Embodiment 
[0053] A third embodiment is described beloW. In the third 
embodiment, imaging is repeated While the couchtop 211 on 
Which the subject P is placed is moved step-by-step in the 
axial direction of the bore 22 in the PET-MRI apparatus 
described in the ?rst or the second embodiment. Such an 
imaging method is called a step-and-shoot. Herein, a case is 
described in Which the step-and-shoot is performed in the 
PET-MRI apparatus described in the ?rst embodiment. 
[0054] FIG. 7 is a schematic to explain the step-and-shoot 
according to the third embodiment. In the step-and-shoot 
according to the third embodiment, the couch 2 moves the 
couchtop 211, so that the subject P is moved along the axial 
direction of the bore 22. The computer 10 controls the couch 
2 such that a region to be imaged of the subject P is moved 
step-by-step in the order of an approximate center position of 
the PET detector 13b, an approximate center position of a 
region interposed betWeen the PET detectors 13a and 13b, 
and an approximate center position of the PET detector 13a. 
[0055] As a result, as illustrated in FIG. 7, the receiving 
radio frequency coil 7 attached on the imaging position of the 
subject P is moved step-by-step. Speci?cally, the receiving 
radio frequency coil 7 is moved in the axial direction of the 
bore 22 step-by-step by a distance d that is half of the distance 
betWeen the centers of the PET detectors 13a and 13b. As a 
result, the region to be imaged is moved in the axial direction 
of the bore 22 in the order of a range 41 in Which only the PET 
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image can be taken, a range 42 in Which the MR image and the 
PET image can be taken simultaneously, and the range 41 in 
Which only the PET image can be taken. 
[0056] For example, the computer 10 controls the PET 
MRI apparatus 100 so as to take the PET image When the 
region to be imaged is moved to the approximate center 
position of the PET detector 1311 or the approximate center 
position of the PET detector 13b. The computer 10 controls 
the PET-MRI apparatus 100 so as to take both or one of the 
PET image and the MR image When the region to be imaged 
is moved to the approximate center position of the region 
interposed betWeen the PET detectors 13a and 13b. In this 
Way, the PET image and both or one of the PET image and the 
MR image can be taken in the order While the region to be 
imaged is moved step-by-step. Also in the third embodiment, 
the deterioration of image quality of the MR image due to the 
in?uence of the PET detectors can be suppressed in the same 
manner as the ?rst and the second embodiments. 
[0057] In the ?rst to the third embodiments, the PET detec 
tors 13a and 13b, i.e., tWo PET detectors, are disposed. HoW 
ever, the embodiment of the PET-MRI apparatus is not lim 
ited to this arrangement. For example, the number of PET 
detectors may be three or more. That is, even When more than 
tWo of the PET detectors 13a and 13b are disposed, the PET 
image and the MR image can be taken simultaneously in the 
region interposed betWeen the PET detectors. 
[0058] As described above, according to the ?rst, the sec 
ond, or the third embodiment, the PET-MRI apparatus can be 
realiZed that can suppress the deterioration of image quality 
of the MR image due to the in?uence of the PET detectors. 
[0059] While certain embodiments have been described, 
these embodiments have been presented by Way of example 
only, and are not intended to limit the scope of the inventions. 
Indeed, the novel embodiments described herein may be 
embodied in a variety of other forms; furthermore, various 
omissions, substitutions and changes in the form of the 
embodiments described herein may be made Without depart 
ing from the spirit of the inventions. The accompanying 
claims and their equivalents are intended to cover such forms 
or modi?cations as Would fall Within the scope and spirit of 
the inventions. 
What is claimed is: 
1. A PET (Positron Emission Tomography)-MRI (Mag 
netic Resonance Imaging) apparatus, comprising: 
a magnet con?gured to be a seamless structure and gener 
ate a static magnetic ?eld in a bore having a cylindrical 
shape; 
a transmitting radio frequency coil con?gured to apply a 
radio frequency pulse on a subject placed in the static 
magnetic ?eld; 
a gradient coil con?gured to apply a gradient magnetic 
?eld on the subject on Which the radio frequency pulse is 
applied; 
a receiving radio frequency coil con?gured to detect a 
magnetic resonance signal emitted from the subject due 
to application of the radio frequency pulse and the gra 
dient magnetic ?eld on the subject; 
an MR image reconstruction unit con?gured to reconstruct 
an MR image based on the magnetic resonance signal 
detected by the receiving radio frequency coil; 
a ?rst detector and a second detector each con?gured to 
have a ring shape and detect gamma rays emitted from a 
positron emitting radionuclide injected into the subject; 
and 
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a PET image reconstruction unit con?gured to reconstruct 
a PET image from projection data produced based on the 
gamma rays detected by the ?rst and the second detec 
tors, Wherein 
the ?rst and the second detectors are disposed in an axial 
direction of the bore With a space therebetWeen so as to 
interpose a magnetic ?eld center of the static magnetic 
?eld therebetWeen. 
2. The PET-MRI apparatus according to claim 1, Wherein 
the ?rst and the second detectors are disposed on a side 
adjacent to an inner circumference of the transmitting radio 
frequency coil. 
3. The PET-MRI apparatus according to claim 1, Wherein 
the ?rst and the second detectors are disposed on a side 
adjacent to an outer circumference of the transmitting radio 
frequency coil. 
4. The PET-MRI apparatus according to claim 1, further 
comprising a moving unit con?gured to move the ?rst and the 
second detectors along the axial direction of the bore based on 
an imaging mode. 
5. The PET-MRI apparatus according to claim 4, Wherein 
the moving unit moves the ?rst and the second detectors to a 
position at Which the detectors interpose the magnetic ?eld 
center of the static magnetic ?eld therebetWeen before imag 
ing starts When the imaging mode in Which the PET image 
and the MR image are simultaneously taken is executed. 
6. The PET-MRI apparatus according to claim 4, Wherein 
the moving unit moves the ?rst and the second detectors so as 
to be adjacent to each other before imaging starts When the 
imaging mode in Which only the PET image is taken is 
executed. 
7. The PET-MRI apparatus according to claim 4, Wherein 
the moving unit moves the ?rst and the second detectors out 
of the static magnetic ?eld When the imaging mode in Which 
only the MR image is taken is executed. 
8. The PET-MRI apparatus according to claim 4, Wherein 
the moving unit moves the ?rst and the second detectors 
based on an imaging condition for taking the PET image 
and/or an imaging condition for taking the MR image. 
9. The PET-MRI apparatus according to claim 4, further 
comprising a vibration damping unit con?gured to ?x a posi 
tion of each detector after the ?rst and the second detectors are 
moved to an imaging position by the moving unit and damp 
vibration transmitted from the gradient coil to each detector. 
10. The PET-MRI apparatus according to claim 1, Wherein 
the ?rst and the second detectors are ?xedly disposed at a 
position at Which the detectors interpose the magnetic ?eld 
center of the static magnetic ?eld therebetWeen. 
11. The PET-MRI apparatus according to claim 10, 
Wherein the ?rst and the second detectors are ?xed to the 
apparatus With a vibration damping unit that damps vibration 
generated by the gradient coil interposed therebetWeen. 
12. The PET-MRI apparatus according to claim 1, Wherein 
signal lines and poWer source lines that are connected to the 
?rst and the second detectors are routed so as not to pass 
through a periphery of the magnetic ?eld center of the static 
magnetic ?eld. 
13. The PET-MRI apparatus according to claim 1, Wherein 
the ?rst and the second detectors each convert a signal relating 
to the detected gamma rays from an analog signal to a digital 
signal, further convert the digital signal to an optical signal, 
and output the optical signal. 
14. The PET-MRI apparatus according to claim 1, Wherein 
the ?rst and the second detectors each convert a signal relating 
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to the detected gamma rays from an analog signal to a digital 
signal, further convert the digital signal to a radio signal, and 
output the radio signal. 
15. The PET-MRI apparatus according to claim 1, further 
comprising: 
a couch con?gured to move a couchtop on Which the sub 
ject is placed along the axial direction of the bore; and 
a controller con?gured to control the couch such that a 
region to be imaged is moved to an approximate center 
position of the ?rst detector, an approximate centerposi 
tion of a region interposed betWeen the ?rst and the 
second detectors, and an approximate center position of 
the second detector step-by-step, control the apparatus 
so as to take both or one of the MR image and the PET 
image When the region to be imaged is moved to the 
approximate center position of the ?rst detector or the 
second detector, and control the apparatus so as to take 
the PET image When the region to be imaged is moved to 
the approximate center position of the region interposed 
betWeen the ?rst and the second detectors. 
* * * * * 
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